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THE FOSSIL POLLEN OF KOKOMO BOG,
 
HOWARD COUNTY, INDIANA'
 
By JOHN W. HOWELL 
Study of fossil pollen is recognized as a key to the understanding of 
past and present-day vegetations, especially in the northern extensions 
of the broad-leaved forest. For several years the Botany Department 
of Butler University has conducted fossil pollen studies in an effort to 
decipher the vegetational history of the state of Indiana since Pleisto­
cene time. According to Friesner (4), Indiana is a critical botanical 
area, and marks within its boundaries the northern Umits of southern 
species and the southern limits of northern species, and so offers splen­
did opportunities to study migrations of vegetations. Previous work 
in fossil pollen analysis has shown that Indiana once had a uniform 
simple boreal forest made up of spruce and fir. The present-day climax 
associations invaded and crowded out the conifers. But even today one 
may see relic colonies of various boreal plants scattered throughout 
Indiana, especially in the northern counties, as remnants of what was 
once a vast coniferous forest (Welch, 18). This study is concerned only 
with tree and shrub pollen, because trees and shrubs form the dominant 
vegetation in this area, and, as Godwin (7) says, trees and shrubs also 
aid in the interpretation of past climates. 
The bog here under study is located northeast of Kokomo, on the 
farms of Messrs. C. E. Marvin and Willis. It forms a large oval, with 
its long axis running in a northeast-southwest direction and is one-half 
mile long and one-fourth of a mile wide. 
Howard county, in which the Kokomo bog is located, lies 46 miles 
north of Indianapolis and is situated in the north central part of Indi­
ana. The surface is level, with scarcely any perceptible undulation, 
and presents characteristically the undisturbed level of the glacial drift. 
The soH was originally a rich black muck, since changed by drainage 
and sunshine into a light loam of great fertility. 
DESCRIPTION AND PRESENT-DAY VEGETATION 
Kokomo bog is of the kettle hole type associated either with moraines 
or with outwash plains. During the melting and recession of a glacier, 
large masses of ice sometimes became separated from the main body of 
IThis paper i.s: a portion o( a tbC5is in paril.a.1 fulfillment of the requiremenls for the degree or 
~(asler of Arts in Duller Universii.y. 
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the glacier due to differential melting, and subsequently were buried 
under succeeding deposits of moraine or outwash materials. These 
fragments melt, and, as they do so, the overlying materials gradually 
fill in the cavity, forming a surface depression. Water may then collect 
in these so-called kettle holes, producing an open lake. The encroach­
ment of mat-forming plants upon the lake may completely fill the de­
pression with decomposed organic matter, and the lake is thus trans­
formed into a bog. 
The rate of growth of peat deposits has been variously estimated. 
It is quite obvious that the time required to form a foot of peat de­
pends upon the depth in the peat profile at which the foot is taken. 
Sears (13) suggests an average of 25 years to the inch. Such a figure 
would mean that approximately 10,000 years were required to form 
the peat found in the Kokomo bog. 
A narrow wooded section runs across the center of the bog in a north­
south direction. Sphagnum is still growing about clumps of Rosa, 
Spir:ea, and other shrubs. The following plants commonly found in 
bogs have recently been collected from this bog: Dryopteris cristata, 
flex vertieillata, Aster umbellatus, Eupatorium per/oliatum, Osmunda 
cinnamomea, Dryopteris thelypteris pubescens, Spirrea tomentosa, Os­
munda regalis, Solidago serotina, Rosa palustris, Mimulus l'ingens, Lud­
vigia palustris, and Betula pumila. The finding of Betula pumila in 
Howard county has set a new southern limit for this species in Indiana. 
Other plants found were: Solidago hirtella, Acer saeeharinum, Ulmus 
americana, Cornus obliqua, Phytoloaa americana, Bidens coronata, 
Scirpus cyperinus, Lycopus virginieus, Rubus hispidus, Verbena urti­
ere/olia, Muhlenbergia /oliosa, Veronica scutellata, Bidens comosa. 
METHODS 
The peat borer used was of the hollow cylinder type, surrounded 
by a movable sleeve with a cutting edge at the opening. It can be closed 
by reverse turning of the handle after the Core has been cut, thus pre­
venting contamination of the sample as the borer is removed. The 
cylinder was thoroughly washed after removal of each sample of peat. 
Samples were taken at every foot-level until the borer encountered 
sand at the 32-foot level, which was considered the old lake bottom. 
The samples of peat were taken from the central section of the core, 
and placed into bottles, stoppered tightly, and labeled as to bog loca­
tion and depth in feet. Two borings were made, one on the east and 
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and 20 feet of peat. 
The preparation of peat for microscopical identification was carried 
ou t according to the method used by Geisler (5). Excellent results 
were obtained. In strata like the lower marl and the upper four feet 
of peat, where the pollen frequency was very low, a much larger sample 
of peat was llsed to obtain better pollen frequency. This also required 
more stain than the amount suggested by Geisler. Gentian violet proved 
to be a satisfactory stain for all levels. 
A binocular microscope equipped with 15X oculars, 43X objective, 
and a graduated mechanical stage was used for examination of the 
pollen. Prepared slides of modern pollen and diagrams from Sears (14) 
and Wodehouse (19) were compared with the fossil grains for purposes 
of identification. 
Since only a few genera were represented in the lower five feet of 
marl and pollen was sparse, only 100 grains were counted in these levels, 
but for all other levels 200 grains were used. 
OBSERVATIONS 
Acidity is an edaphic factor which is very important in plant distri­
bution, and, while the present work did not concern itself with plants 
in rdation to habitat, it seemed well to determine the acidity of the 
various layers of peat as a secondary study easily made without addi­
tional labor to obtain samples. Kokomo bog showed a tendency to 
become alkaline in the lower levels, as has been found to be true in 
other Indiana bogs studied (Potzger, 10; Barnett, 2; Smith, 17). The 
active acidity for every foot-level was determined with the Youden 
hydrogen-ion apparatus. Acidity was slight at the I-foot level (pH 
6.31). From the second to the 8-foot level acidity increased (pH 5.73), 
but from the 9-foot level to the bottom of the bog there was a gradual 
decrease in acidity. An alkaline reaction was first observed at the 28­
foot level (pH 7.03). This alkalinity increased until it reached pH 
7.43	 at the 32-foot level. 
The peat found in boring A was of the same nature as that in boring 
B. Due to their similarity, only the results of boring B are shown in 
figure 1. The peat found in the upper 16-foot levels was of a chocolate 
brown color, but at the 17-foot level it changed to a dark black color. 
Marl of a grayish appearance occurred at the 20-foot level and con­
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It will be noticed from figure 1 and table I that Abies and Picea 
control the bog from the 32- to the 22-foot level. Quercus makes its 
appearance at the 22-foot level, becomes dominant at' the 20-foot level, 
and continues to control the spectrum from this point to the surface. 
Carya appears at the 18-foot level and forms an association with Quer­
cus not to be broken until Betula surpasses it at the 4-foot level. 
Abies drops out at the 18-foot level, while Picea persists by a very 
small percentage to the 6-foot level. Picea persists in the Kokomo bog 
to nearer tbe surface than in any of the bogs thus far studied in the 
Early Wisconsin drift. Pinus is the only genus found throughout the 
entire spectrum. It is represented in thlt main by small percentages, but 
reaches 10 and 17 percent respectively at tbe 21- and 20-foot level in 
boring B, and 15 percent at the 18-foot level in boring A. Larix occurs 
at the 25- to the 16-foot level in boring B, and at the 21- to the 12­
foot level in boring A. 
Ulmus and Juglans form a secondary climax. The former occurs 
from the 17-foot level to the surface in boring B, and from the 20-foot 
level to the top in boring A, while the latter occurs from the 17-foot 
level to the surface in both borings. Acer never gains a prominent 
position, but persists from the 19-foot level to the surface in bolh bor­
ings. Salix is found only in small numbers from the 22 -foot level in 
boring B and the 20-foot level in boring A to the surface. Populus per­
centages were similar to Salix. However, Populus makes its appear­
ance much later than Salix in 17- and 16-foot levels. 
The results from the two borings were very similar; possibly due 
to the very slight difference in depth. The only noticeable difference 
occurred at the lower levels, where there was a greater degree of fluc­
tuation between Abies and Picea. 
DISCUSSION 
While the study of soil acidity, as previously stated, was nol the pri­
mary importance of this investigation, it is thought worth while lo 
attempt to explain the results obtained. The study of plants and their 
relationship to acidity has been the source of extensive investigation on 
the part of many investigators, and it is believed that there is a definite 
correlation between tbem. 
The alkalinity of the lower levels of Kokomo bog is prohn hl" nf"l' 
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TABLE I 
POLLEN PERCENTAGES - KOKOMO BOG 
Results of boring A are given on the upper line and boring B on the lower line for 
each foot-level. 
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indicative of the conditions when the forests grew there. The alkaline 
condition which is now present in the lower levels of peat of Kokomo 
bog, and others of similar nature as well, was probably caused by an 
upward movement of water which carried with it dissolved calcium 
carbonate. This movement would tend to render the peat less acid. 
Howeyer, today there are cases where such trees as Larix, Abies, and 
Picea (12) are found growing in alkaline soil. It would, then, be incor­
rect to say that the boreal type forest is always associated with an acid 
soil. There is also the presence of available water which should be 
taken into consideration. The outstanding factor that determines the 
relationship of plants to their environment may be the amount nf avail­
able water present instead of the active acidity. 
From personal observations of the forests of northern Michigan, it 
was noticed that Abies and Picea grew on the surface of the bogs. Such 
broad-leaved trees as Quercus a.nd Carya were not found growing on 
these bogs. If one were to apply these observations to Kokomo bog, the 
answer would be that the various broad-leaved trees grew in the imme­
diate vicinity of the bog and their pollen drifted over the surface of 
the mat. On many of the bogs of northern Michigan, the coniferous 
trees growing there were so dense that the broad-leaved trees would 
not have been able to compete with them. One cannot definitely say then 
as to the type of forest present on Kokomo bog at the time of the ap­
pearance of Quercus along with other broad-leaved genera. No evidence 
of Thuja pollen was found, but there is a possibility of a Thuja climax 
to the boreal forest present in the bog up to a.nd even after the appear­
ance of Quercus. Thuja is found today in bogs located farther south 
than Kokomo bog, even to the extent that it is the dominant species 
(lVIarkle, 8). Thuja pollen is not able to withstand water (Sears, 14), 
and so could have deteriorated leaving no evidence of its former presence. 
Tsuga pollen also may have deteriorated. Tsuga today has a very scat­
tered distribution, and such a condition may have existed centuries ago. 
Only two pollen grains of Tsuga were found, one at the 21- the other at 
the 19-foot level. 
It is believed that plants are climatic indicators, and to the extent 
that they are we can say that in the region of Howard county a cool 
climate prevailed over a prolonged period of time, during the early 
developmental stages of Kokomo bog. A typical boreal forest of Abies 
and Picea existed at that time, which, according to Sears (13), indicates 
a cool, humid climate. At the 22-foot level the first evidences of de­
ciduolls trees appear, becoming dominant at the 20-foot level. Quercus 
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is the dominant genus at this level, and its presence together with Carya 
suggests a warmer, drier climate. Quercus and Carya were the dominant 
climax species of the bog from the 21-foot level to the surface. A simi­
lar plant succession was found in such bogs as Bucyrus bog (15), Cran­
berry pond (2), Lake Cicott (17), M \ld Lake bog (26). The rapid 
disappearance of Abies and Picea from the bog is difficult to explain. 
However, it is possible that after the glacier had retreated farthe; north, 
the cold seepage water formerly flowing over this area was drained off 
in some other direction, possibly via the Wabash river system. Arter 
the glaciers had retreated to the northern part of the state, Abies and 
Picea, thus deprived of their final climatic requirement, i. e., cool soil, 
failed to continue their reproduction, and, as the old trees died, it spelled 
an end to these two genera. 
The presence of Pinus pollen throughout the entire spectrum can pos­
sibly be explained on the basis that it was a relic near Kokomo and 
capable of withstanding a climatic change from a cool, humid to a 
warmer, drier condition. This is probable, in view of the fact that it is 
represented by small percentages except in the 21- and 20-foot levels 
in boring B and the 18-foot level in boring A. 
According to early geologica I reports, J uglans and Quercus were 
dominant trees existing in Howard county. At the I-foot level these 
trees have the following percentages: Juglans 12 and Quercus 48 per­
cent. It is very striking that these percentages of the two genera are in 
close agreement with their importance in earlier economic history of 
the area. 
A high percentag.e of Betula pollen was found in the upper four levels. 
Betula in other bogs studied in the state bas dropped out of the picture 
earlier. Betula pum:ita is found as a relic in Kokomo bog today in spite 
of cultural influences, and here reaches its southernmost limits in Indiana. 
There was an absence of the lake forest type dominance during the 
latter stages of the bog. Acer and Fagus never played an important 
part in the pollen spectrum. These two genera apparently never had an 
important position in the forests of Howard county, jf their low pollen 
representations present a true picture of the actual status of conditions. 
Acer and Fagus at no time threatened to surpass any of the other broad­
leaved associations." Fagus and Acer, according to Potzger (11), occur 
on the north-facing slopes, while Quercus and Carya are present on the 
south.facing slopes, soil moisture playing an important role in their 
distribution. The land surrounding Kokomo bog is not strikingly ele­
vated, and, for some edaphic reasons not yet accounted for, Fagus and 
Acer were never present to any great extent. 
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The postglacial succession of vegetation as revealed by the pollen 
determination in Kokomo hog shows the following stages: Abies-Picea, 
Abies-Picea-Larix, Quercus- Betula, Quercus-Carya, Quercus-Betula, 
Quercus-Juglans-Carya. 
There is a marked similarity between the results obtained from Lake 
Cicott (17) and the pollen percentages of Kokomo bog. This condition 
could be expected, since these two bogs are separated by only 21 miles 
north-~outh distance and 17 miles east-west distance, Kokomo bog being 
southeast of Lake Cicott bog. Abies and Picea showed a longer period 
of dominance and a longer period of presence in Kokomo bog than in 
Lake Cicott bog. Pinus was present throughout the spectra in both bogs. 
It reached a position of dominance from the 26- to the 21-foot level in 
Lake Cicott bog, but never gained such a position in Kokomo bog. How­
ever, the peak of abundance (10-17 percent) of Pinus in Kokomo bog 
coincided with the close of its period of dominance in Lake Cicott bog. 
Quercus appeared considerably earlier in Lake Cicott bog than in 
Kokomo bog, but its period of dominance practically coincided in the 
two bogs. Quercus thus had a much longer period of competition in 
rising to a position of dominance in Lake Cicott bog than in Kokomo 
hog, where it rose to dominance in two foot-levels after its appearance. 
It is interesting to point out also that while Quercus rose more rapidly 
to a position of dominance over Abies and Picea in Kokomo bog, the 
period 0 f competition during the decline of the latter two was much 
longer. There is a much closer similarity in the two bogs with respect 
to the time between appearance and a position of codominance on the 
part of Carya. These points are summarized in table II. 
TABLE II 
COMPARISON OF MAIN FEATURES OF LAKE CICOTT BOG AND KOKOMO BOG 
Lake Cicott Kokomo 
Abics~Prp.sence 31- to 21-foot level 32-18 
Dominance 31- to 29-foot level 32-22 
Picea~Presence 21- to 13-foot level 32- 6 
Dominance None 32-22 
Pinus-Presence 31- to I-foot level 32- I 
Never dominant but 
Dominance 26- to 21-foot level reaches neak jn 
21- to 20- foot level 
Qucrcus~Presence 30- to I-foot level 23- 1 
Dominance 20- to I-foot level 21- 1 
Carya-Presence 21- to I-foot level J8- I 
Co dominance 17- to I-foot level 15- 4 
Marl- 31- to 30-foot level 32-21 
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It should be noted, also, in comparing Kokomo bog with Lake Cicott 
bog, that the former had a very much longer period of open wa ter than 
the latter, as evidenced by the presence of but 2 feet of marl in the latter 
as compared to 12 feet in the former. Whether this has any bearing upon 
the longer period of persistence of Abies and Picea in Kokomo bog is 
not clear, but there is a period of 15 to 18 foot-levels separating the top 
of the marl and the disappearance of Picea in the two bogs. 
SUYflVfARY 
1. A typical Canadian type coniferous forest during formation of the 
lowest levels is evidenced from pollen analysis of Kokomo bog. 
2. A deciduous forest replaces the boreal forest, which continues to 
the surface. 
3. Quercus and Carya were the climax genera of the bog after the dis­
appearance of Abies and Picea. 
4. A high percentage of Betula was found in the upper six foot-levels. 
S. Climatic conditions ranged from a cool humid to warm dry. 
6. The alkalinity of the bog increased with depth. 
7. The following forest succession is shown: Abies-Picea, Abies-Picea­
Larix, Quercus-Betula, Quercus-Carya, Quercus-Betula, QuercuS-Jug­
lans-Carya. 
8. The rapid disappearance of Abies and Picea may be due to the 
removal of the cold seepage waters from the retreating glaciers by the 
Wabash river. 
9. Betula pumila reaches its southernmost limit of present-day distri­
bution in Indiana at Kokomo bog. 
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